Abstract-Land Surface Temperature is a key parameter in energy budget models, estimat ing soil mo isture, forest detection and forecasting, monitoring the state of the crops and many other applications. In this work, a method has been developed to retrieve land surface temperature using the National Oceanic and Atmospheric Administration (NOAA) o f USA, Advanced Very High Resolution Radio meter (A VHRR) satellite images. The land surface temperature has been determined taking A VHRR images fro m February to December in a year. Seasonal variations have also been studied. The results have been presented in the false color composition (fcc) map for each month. Studying the resulting maps it is found that there is a marked spatial and seasonal variations in the surface temperature among d ifferent regions of the country. We could not compare our result with the measured data as, till now, no measured data of surface temperature is available for our country. But it is observed that our result is well in conformity with the observed air temperature of the country. This method can thus be used for long term mon itoring of surface parameters for the country. The long term study of surface temperature can be very much important for sustainable land resources development and to understand the effect of possible environmental changes.
I. Introduction
Rapid develop ment of the space informat ion technology forwarded the mankind day-by-day into a new horizon by providing satellite co mmunicat ion, navigation and specially by re mote sensing of the earth fro m space. Remote sensing is a science that becomes very putative nowadays. This science is not a new one but evolved as early as the mid 1950's and remote sensing from satellite has been used for earth observation more than three decades. But like other developing countries Bangladesh also deprived to uses and enforces the benediction of this science [1] , [2] .
The goal of the work is to show the entrance and overview methodology of the satellite mon itoring of the land surface temperature.
Land Su rface Temperature (LST) is an important factor in global change studies, estimating rad iation budgets, heat balance studies, and forest detection and forecasting, monitoring the state of the crops, as a control for climate models and understanding the possible environmental changes [3] .
Land Surface Temperature can be determined by measuring the radiation emitted by the earth' s surface. This radiation will be converted into temperature brightness using the inverse of Planck's radiation equation. Unfortunately, land surface does not behave as a blackbody. The radiat ions measured by the satellite radio meter include also radiation emitted by the atmosphere and radiation reflected by the land surface. Gases and suspended particles in the atmosphere may absorb radiation emitted fro m objects, resulting in a decrease in the energy reaching a thermal sensor. Atmospheric absorption and scattering tend to make the signals fro m ground objects appear colder than they are. For this reason, measurement are usually made in two atmospheric absorption free regions (windows) of the electro magnetic spectrum ly ing between 3.5mm to 3.9 mm and 10mm to 13mm. Unfortunately, in this spectrum reg ions, there is residual gaseous absorption, mainly by water vapors, reported that the difference between the real Land Surface Temperature and the satellite surface temperature is of 7C for a tropical atmosphere. By using a second infrared measurement, either at a different wavelength or at different zenith angle, it is possible to improve the estimation of the surface radiant temperature In this work, the study area is the geographical area of Bangladesh which is located between 2034 to 2638 north latitude and 8801 to 9242 east longitude. The country has an almost uniformly hu mid, warm, tropical climate throughout the whole year. Because of its seasonal variation, pro minent geographical features can be observed throughout the surface of the country.
The remainder of this paper is organized as follows: Section II gives the methodology to determine the land surface temperature. Section III presents the results and discussion. Conclusion and future work are g iven in the final section.
II. Methodol ogy
Remote sensing data has been used for this study and the source of the data is near polar sun-synchronous satellite of NOAA K-L-M-N series. In this study particularly NOAA-16(L) and NOAA-17(M) imagery has been used.
The whole work has been carried out in two phases:
Phase one: Pre-processing of data. Phase two: Determination of Land Surface temperature.
The flow chart of detailed methodology is shown in Fig. 1 . 
Determination of Surface Parameters
The surface reflectance and surface temperature are two very important agro meteoro logical parameters among many other parameters. After rad io metric calibrat ion of NOAA A VHRR/ 3, the visible channels (Channel 1 and 2) usually represent the reflectance and thermal channels (Channel 4 and 5) represent the temperature. The reflected and emitted radiances are affected by sun-target-sensor geometry and at mospheric and ground surface bidirectional effects. On the other hand as the thermal channels of NOAA A VHRR radio meters are not sensitive to solar elevation angle, only atmospheric correct ion is sufficient for finding surface temperature. [8] , [9] , [10] , [11] .
Determination of Surface Temperature
The reflected and emitted radiances are affected by sun-target-sensor geometry due to both atmospheric and ground surface bidirectional effects. The modulation of the data by atmospheric scattering and absorption by atmospheric particles, aerosols, ozone and water vapor should be taken into consideration. Many schemes have been developed to correct atmospheric intervention (Gao et. al. 1988 , Palt ridge and Mitchell 1990 ) [12] . To apply those methods, measured data for aerosol optical thickness, ozone absorption and water vapor are required. Usually these data are monitored and collected fro m climatological stations well distributed over the study area. Unfortunately, such facilit ies are scarce in
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DETERMINATION OF SURFACE PARAMETERS. Bangladesh and no reliable data on atmospheric parameters are read ily availab le. To overco me this problem, we have applied in this research an alternative compositing approach to reduce the effect of atmospheric intervention. In this approach, the images have been processed monthly. All the day-time images for the given month were taken. Pixel values for channel-4 of one image were co mpared to the corresponding pixels of other images for that month. The maximu m values for each pixel thus obtained were retained. The resultant image was the monthly composite image. As the monthly co mposite map contains data from different days and different weather and sun-target-sensor geometry, taking the maximu m values for each pixel fro m the comp lex condition may remove the effect o f spurious spatial and at mospheric variability. Th is process is accomplished by modeler of Erdas Imagine. A fter radio metric calib ration, the thermal channel data represents surface temperature [13] , [14] , [15] , [16] .
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III. Results & Discussions
Bangladesh has a tropical monsoon-type climate, with six seasons. After evaluate the land surface temperature of regions of Bangladesh which are estimated in seasonal periods of Bangladesh, the results are given below- The developed method has been used to obtain the surface temperature over Bangladesh. Table 1 shows the variation of land surface temperature for six seasonal periods of Bangladesh.
These results are well in conformity with the observed air temperature values for the seasons. The variation of surface temperature with seasonal changes can be understood by the knowledge of inco ming solar radiation and rainfall of the country. Fig. 2, Fig. 3, and Fig . 4 show the false color composition (FCC) maps of surface temperature for the month of March, April and May in summer. It is seen that in summer, there is a wide variat ion of temperature throughout the country because in summer, land reaches to a higher temperature than the ocean. The hot air over the land tends to rise, creating an area of low pressure. This creates an extremely constant wind blowing toward the land. Land surface temperature in Ju ly is [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] 0 C in the most of the middle parts and southern regions of the country. In some southern and western areas of the country, it is 21-23 0 C. The highest value has been observed in some of the north-western parts where temperature is 24-26 0 C and the lo west value in some eastern regions where temperature is 6-10 0 C.
Summer (March to May)
The observed lowest temperature (6-10 degree) in some eastern, and some small parts of other regions may be due to the presence of sub-pixel clouds in these regions. Sub-pixel clouds are very small scale clouds, detection of which is very difficult.
It is seen that in rainy season, there is a wide variation of temperature throughout the country. Because in Bangladesh, which has both the world's largest delta system and the greatest flow of river water to the sea, water rules the land properties. The rainy season coincides with the summer monsoon. Rainfall of this season accounts for 70 to 85 percent of the annual total. This is caused by the tropical depression that enters the country from the Bay of Bengal. It is seen that in autumn, there is a wide variation of temperature throughout the country. Because as September begins, the s kies are blue and a cool wind started to blow. Although the air is humid, there is a slight chill late at night. Fig. 8 and Fig. 9 show the false colo r co mposition (FCC) maps of surface temperature for the month of October and November in late autumn. For the month of November land surface temperature in most areas of the country are seen to vary fro m 24 0 C to 26 0 C. Whereas the highest value has been observed in the east and southern regions where temperature is 27-30 0 C and the lowest value in some northern regions where temperature is 21-23 0 C. It is seen that in winter, there is a wide variat ion of temperature throughout the country. From midNovember to early January, the weather beco mes more arid and less humid. The hot air over the ocean rises, creating a low pressure area and a breeze fro m land to ocean. Because the temperature d ifference between the ocean and land is less than in summer, the winter monsoon wind is not as constant. Characteristics of the cool and dry winter season are: low temperature, cool west or northwesterly winds, clear skies and lo w rainfall. 
Late autumn (October to November)
IV. Conclusion
In this paper, a method for estimation of land surface temperature fro m NOAA-A VHRR rad io meter data has been developed. Using this method surface temperature maps for three main seasonal periods of Bangladesh have been constructed. Precise atmospheric correction scheme could not be utilized in the current study due to unavailability of measured meteorological parameters. Also, the absolute values of temperatures obtained in this study could not be verified against in-situ measurements as no ground measured data for the study area are currently availab le. As a result there may have some errors in the derived temperature values, but the pattern of the temperatures thus obtained are in good agreement with the environ mental conditions of the study area. The study also yields the intra-season and seasonal variations of temperatures. The results obtained in this study correspond well with the local environmental conditions of the respective regions. It can be concluded from the study that this method can be utilized for long-term determination of land surface temperature for Bangladesh.
